The static current-voltage (I-V) characteristics of a diamond Schottky barrier diode (SBD) have been previously studied. This paper experimentally studies the switching characteristics of a diamond SBD in comparison with the characteristics of a silicon carbide (SiC) SBD. The forward conduction current and the reverse bias voltage dependency of the reverse recovery phenomenon during the fast-switching operation of an SBD are evaluated. The experimental results validate the majority carrier device characteristics of the diamond SBD under study. The results indicate the feasibility of using a diamond device in a power conversion circuit.
Introduction
A switching device is the key component in a power conversion circuit. A higher breakdown voltage with a lower conduction resistance and a faster switching capability with a lower switching loss are objectives in the development of a power device. Silicon semiconductor material is conventionally used to construct power devices, and its fabrication process has been established. However, due to the limitations of silicon, further device performance improvement cannot be expected. Wide-band-gap semiconductors, such as silicon carbide (SiC), are valued for their capabilities of high temperature operation and high breakdown voltage with low resistance [1] . The research and development of SiC power devices has been promoted, and the SiC Schottky barrier diode (SBD) is already produced commercially [2] . A diamond semiconductor also provides wide-band-gap material, which has a 5.5 [eV] band gap and a 1.1-21.5 [MV/cm] critical electrical field [3] . It is expected to be used as the semiconductor material for the next generation of power electronics circuits, e.g. a forced cooling less inverter. The fabrication process for a diamond semiconductor with n-type doping impurities has not yet been established; but p-type diamond semiconductors have already been realized. Previous studies [4, 5] have described the rectification property of a p-type diamond semiconductor with a Schottky junction and forward and reverse current-voltage characteristics, especially for high temperature conditions. However, the dynamic characteristics of a diamond device in switching operation have not been reported. Thus, this paper presents the switching characteristics of a diamond SBD and clarifies its fast-switching capability, which is comparable to an SiC SBD. Section 2 introduces the measurement circuit and experimental diamond SBD. Section 3 shows the forward current dependency of the switching characteristics. Section 4 shows the voltage dependency of the terminal capacitance (C-V) and switching characteristics. Finally, Section 5 gives some concluding remarks. Each cell has a circular Schottky electrode with 1.77 × 10 −4 cm 2 of active area, and seven cells are connected in parallel by wire bonding to achieve the 100 mA current ratings with 1.24 × 10 −3 cm 2 of total active area. Boron (B) is doped as a p-type impurity. Ruthenium (Ru) is used as the Schottky metal to achieve high thermal stability [3, 4] . An SiC SBD (Infineon SPT06S60A 600 [V], 6 [A], 11.9 × 10 −3 cm 2 active area) is used for comparative study. 
Circuit for switching characterization and the diamond SBD

Forward current dependency of switching characteristics
The developed diamond SBD is a majority carrier device. Therefore, the switching operation does not show the influence of a minority carrier injection. The influence of a minority carrier injection appears in the forward conduction current dependency of the peak reverse current and the recovery time. Therefore, the forward current dependency of the diode current waveform is measured to validate the majority carrier device characteristics as compared to the well-known characteristics of an SiC SBD. SBDs, respectively. The forward current parameter is changed by varying the on period of the first pulse in the double pulse method. The same current density and the same reverse voltage are applied to the diamond SBD and the SiC SBD for a comparative study. The current decay rate for the onset of turn-off depends on the applied reverse voltage and the circuit inductance. Also, there is a difference in the current density decay rate between the two devices, which appears in the t < 0 [µs] region in Figs. 2 (a) and (c). However, the difference does not affect the evaluation of the forward current dependency of the reverse recovery phenomenon for the respective devices. The peak value of the reverse current of the diamond SBD in Fig. 2 (a) does not depend on the forward current, and it coincides with the characteristics of the SiC SBD shown in Fig. 2 (c) . Also, the extracted di dt value in the recovering process shown in Figs. 2 (b) and (d) do not show a forward current dependency. Therefore, the majority carrier device operation of the diamond SBD is validated. 
The reverse bias voltage dependency of terminal capacitance and switching characteristics
The majority carrier device characteristics of the studied diamond SBD were validated in the previous section. That is, the dynamic response of the switching operation of the SBD is governed by the extraction/injection of the majority carrier into the depletion region around the Schottky junction. The formation of the depletion layer can be evaluated by the differential capacitance-applied reverse voltage (C-V) characteristics. This section focuses on the relationship between the C-V characterizations and the switching characteristics. Fig. 3 (c) , and gives almost constant capacitance for higher voltage. This shows that the SiC SBD has a punch-through topology. That is, the SiC SBD has a low impurity concentration in the drift layer (1.03 × 10 16 [cm 3 ]) and a high impurity concentration in the buffer layer (1.15 × 10 18 [cm 3 ]) to attain the trade-off between a high breakdown voltage and a low conduction resistance. On the other hand, the capacitance of a diamond SBD changes slightly with voltage, as shown in the linear plot in Fig. 3 (a) . The extracted impurity concentration of the diamond SBD is 2.75 × 10 17 [cm 3 ]. Though the breakdown voltages of the respective SBDs are different (400 [V] for the diamond SBD and 600 [V] for the SiC SBD), the diamond SBD realizes a higher breakdown voltage with a higher impurity concentration. Figures 3 (b) and (d), respectively, show the measured current waveform of the diamond and SiC SBDs. The reverse voltage changes as the parameter for the same forward current. The current density decay rate during the initial process of the turn-off operation changes with the applied reverse voltage due to the EMF produced by the inductance of the circuit. Although the peak reverse current increases with the reverse bias voltage, it stems from the increased extracted charge for the higher voltage. Thus, it cannot be attributed to the influence of a minority carrier injection.
Ringing oscillation occurs as a mutual interaction between the parasitic circuit inductance and the terminal capacitance of the diode. The terminal capacitance of the diamond SBD varies slightly due to the high impurity concentration, as shown in Fig. 3 (b) . Therefore, the period of ringing oscillation does not vary with the reverse voltage, as shown in Fig. 3 (b) . On the other hand, the terminal capacitance of the SiC SBD varies with the applied voltage. Therefore, the period of ringing oscillation also varies with the reverse voltage, as shown in Fig. 3 (d) .
Conclusion
The switching characteristics of the developed diamond SBD are evaluated in this paper. The comparative study with the SiC SBD elucidated the majority carrier device characteristics of the diamond SBD and clarified its fast-switching capability. The high impurity concentration of the diamond SBD is identified with the C-V characterization and it is demonstrated that the period of ringing oscillation for a diamond SBD is less subject to reverse voltage.
